METAL HYDRIDE ALKALINE STORAGE CELL AND 
MANUFACTURING METHOD THEREOF 



BACKGROUND OF THE INVENTION 
5 (1) Field of the Invention 

This invention relates to a metal hydride alkaline storage cell and a 
manufacturing: method thereof, and more particularly to a metal hydride 
alkaline storage cell having an improved hydrogen-absorbing alloy surface 
and a manufacturing method thereof. 
10 (2) Desciiption of the Prior Art 

The cell performance of a metal hydride alkaline storage ceil 
employing hydrogen- absorbing alloy as a negative electrode active material 
largely depends on the degree of activation cf the hydrogen- absorbing alloy 
therein. For this reason, a hydro gen- absorbing alloy used in this type of 
15 storage cells is pulverised into fine powder to enlarge a reaction area 
involved in the electrochemical reaction, to intensify the filling density in 
the electrode substrate, and thereby to enhance the energy density. 

However, since hydrogen-absorbing alloy is a very active substance, it 
is corroded as a charge-discharge cycle is repeated, which results in a short 
20 cycle life. 

In light of this problem, there has been suggested a hydrogen- 
absorbing alloy electrode wherein a metal (cobalt, nickel, and the like** oxide 
or hydroxide layer is formed on the surface of hydrogen-absorbing alloy 
powder. 

25 Nevertheless, this type of hydrogen-absorbing alloy electrode still has 



such shortcomings that, when oxygen gas is generated in overcharging, the 
contact of the oxygen gas with the hydrogen-absorbing alloy is hindered by 
the metal oxide layer etc. on the surface of ihe hydro gen- absorbing alloy 
powder, which results in deterioration of absorbing performance of the 
5 oxygen gas and, consequently, high-rate charge characteristic* 

In view of the above problems, Japanese Unexamined Patent 
Application No. 08-333603 discloses a cell wherein a coating film dotted 
with cobalt or the like is formed directly on the surface of the hydrogen - 
absorbing alloy powder without intermediary of an oxide. 

10 In the cell according to the above-mentioned composition, however, 

there is no oxide formed on the surface of the powder, and the alloy surface 
therefore becomes flat and smooth with a small reaction area. 
Consequently, although cobalt or the like is dotted on the alloy surface, its 
effect as a catalyst cannot be sufficiently utilised. 

15 The manufacturing method of the hydrogen-absorbing alloy with the 

above-mentioned composition comprises the steps of removing an oxide film 
on the hydrogen-absorbing alloy powder, then dotting the surface with 
cobalt or the like by dipping the powder into an aqueous solution containing 
metallic ions of cobalt or the like, and then washing the powder with water. 

20 In the washing process, however, cobalt or the like coated on the surface of 
the hydrogen-absorbing alloy is likely to be exfoliated and/or oxidized, and 
therefore cannot exhibit sufficient effect as a catalyst. Moreover, the 
manufacturing method of the above-mentioned invention requires such 
complex steps as removing an oxide film on the surface of the hydrogen 

25 absorbing alloy powder, washing, and the like, and consequently incurs high 



manufacturing cost. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a metal hydride 
alkaline storage cell having' a remarkably improved internal pressure 
characteristic (high-rate charge characteristic) by sufficiently utilizing the 
catalytic function of a metal or metal compound on the surface of a 
hydrogen- absorbing alloy. 

It is another object of the present invention w provide a low-cost 
manufacturing method of a metal hydride alkaline storage cell without 
complex steps. 

One of the aforementioned objects is achieved by a metal hydride 
alkaline storage cell comprising a positive electrode, a separator 
impregnated with an electrolyte, and a negative electrode comprising 
hydrogen-absorbing alloy powder, wherein the hydrogen-absorbing alloy 
powder has a layer of hydro gen -absorbing alloy oxide formed on the surface 
thereof, and a catalytic metal or metal compound is dotted on the oxide 
layer in a granular state by adding a substance selected from the group 
consisting of a metai fluoride : a metal chloride, a metal iodide, and a metal 
sulfide, and the proportion of the substance to be added is restricted within 
the range of from 0.1 to 2,5 wt.% based on the weight of the hydrogen- 
absorbing alloy powder, 

The reason why the aforementioned object is achieved is as follows: 
When a layer of hydrogen-absorbing alloy oxide is formed on the 
surface of hydro gen- absorbing alloy powder, the oxide layer has roughness 



and thereby results in a large reaction area on the alloy surface. 
Consequently when a catalytic metal or metal compound is dotted on the 
alloy surface, the catalytic action of the metal or metal compound can be 
fully utilized, and thereby the internal pressure characteristic {high-rate 
5 charge characteristic) of the cell is improved. 

It is to be noted that the proportion of the metal compound, such as a 
metal fluoride, to the hydrogen-absorbing alloy powder should be restricted 
within 0.1 to 2.5 wt.% in the above composition. This is due to the 
following reasons. First, if the proportion of the metal compound is less 

10 than 0.1 wt,%, the catalytic action of the catalytic metal is not sufficiently 
utilized. On the other hand, if the proportion exceeds 2.5 various 
characteristics of the cell are deteriorated because the amount of the 
hydrogen-absorbing alloy is reduced in relation to that of the metal 
compound, and moreover, the absorption of the oxygen gas generated in 

15 overcharging is hindered since the surface of the hydro gen- absorbing alloy 
powder is entirely covered with a reduced metal or metal compound (i.e., a 
metal or metal compound is not dotted on the surface). 

The metal fluoride in the above composition may be at least one metal 
fluoride selected from the group consisting of a cobalt fluoride, a nickel 

20 fluoride, an aluminum fluoride, and a copper fluoride. 

When a cobalt fluoride and the like is employed, the deterioration of 
cell characteristics due to excessive oxidation of a hydrogen-absorbing alloy 
can be prevented because fluorides are capable of preventing a hydrogen- 
absorbing alloy from being oxidised. 

25 The metal fluoride in the above composition may be CoR : and/or NiP 2 . 



When CoF 2 or NiF 2 is employed, the inner pressure characteristic of 
the cell can be further improved because cobalt and nickel are excellent in 
catalytic function. 

The metal chloride in the above composition may be a cobalt chloride 
and/or a nickel chloride. 

The metal iodide in the above composition may be a cobalt iodide 
and/or a nickel iodide. 

The metal sulfide in the above composition may be a cobalt sulfide 
and/or a nickel sulfide. 

The hydrogen- absorbing alloy powder in the above composition may be 
selected from the group consisting of rare-earth element based hydrogen- 
absorbing alloy powder, Zr-Ni based hydrogen -absorbing alloy powder, Ti-Fe 
based hydrogen-absorbing alloy powder, Zr-Mn based hydrogen- absorbing 
alloy powder, Ti-Mn based hydrogen-absorbing alloy powder, and Mg-Ni 
based hydrogen- absorbing alloy powder. 

In addition, the hydrogen- absorbing alloy powder in the above 
composition can comprise hydrogen-absorbing alloy that has a CaCu* type 
crystal structure and is expressed by the general formula, Mm:\\Co b AljMji d 
(a>0, h>Q, c>0 ? d^O, and 4.4£a+b+c+d£5.4). 

Another object of the present invention is achieved by a 
manufacturing method of a metal hydride alkaline storage cell comprising 
the following steps, which are: 

the first step of producing a negative electrode by applying a paste on to a 
substrate, wherein the paste contains hydrogen-absorbing alloy powder and 
a meial compound which is soluble in the electrolyte and selected from the 



group consisting of a metal fluoride, a metal chloride, a metal iodide, and a 
metal sulfide, and the proportion of the aforementioned metal compound to 
the hydrogen -absorbing alloy powder is from 0.1 to 2.5 wt.%: and 
the second step o£ placing the above negative electrode and a positive 
5 electrode inxo a cell can with disposing a separator therebetween, and then 
pouring an electrolyte into the cell can. 

The manufacturing method of a metal hydride alkaline storage cell 
may also be the method comprising the following steps ; which are: 
the first step of manufacturing a negative electrode by applying a paste 

10 containing hydrogen absorbing alloy powder onto a substrate; and 

the second step of placing the above negative electrode and a positive 
electrode into a cell can with disposing a separator therebetween, and then 
pouring an electrolyte into the cell can ? wherein the electrolyte contains a 
metal compound soluble in an electrolyte and selected from the group 

15 consisting of a metal fluoride, a metal chloride, a metal iodide, and a metal 
sulfide, and the proportion of the aforementioned metal compound, to the 
hydrogen- absorbing alloy is powder from 0.1 to 2.5 wt.?b. 

A conventional step of washing hydrogen-absorbing alloy powder is 
unnecessary in the above two manufacturing methods since the formation of 

20 catalytic metal particles on the surface of hydrogen-absorbing alloy powder 
is carried out within a cell. The exfoliation of a metal or metal compound 
on the surface of the hydrogen- absorbing alloy can therefore be prevented 
and the catalytic function of the metal or metal compound can be fully 
utilized. 

25 Furthermore, since complex steps such as a step of removing oxides on 

8 



the surface of hydrogen- absorbing alloy powder and a washing step become 
unnecessary in manufacturing cells, cells with excellent characteristics can 
be easily manufactured. 

In addition, while there arises a problem of a wastewater disposal in 
5 the methods in which a washing "step is necessary, the manufacturing 
methods of the present invention do not include a washing step, and 
therefore cause no such problems. 

The metal fluoride in the above methods may be at least one metal 
fluoride selected from the group consisting of a cobalt fluoride, a nickel 
10 fluoride, an aluminum fluoride, and a copper fluoride. 

The metal fluoride in the above methods may be CoF^ and/or NiF 2 . 

The metal chloride in the above methods may be a cobalt chloride 
and/or a nickel chloride. 

The metal iodide in the above methods may be a cobalt iodide and/or a 
15 nickel iodide. 

The metal sulfide in the above methods may be a cobalt sulfide and/or 
a nickel sulfide. 

The hydrogen-absorbing alloy powder in the above methods may be 
selected from the group consisting of rare-earth element based hydro gen - 
20 absorbing alloy powder, Zr-Ni based hydrogen-absorbing alloy powder. Ti-Fe 
based hydrogen-absorbing alloy powder, Zr-Mn based hydrogen-absorbing 
alloy powder. TL-Mn based hydrogen-absorbing alloy powder, and Mg-Ni 
based hydrogen-absorbing alloy powder. 

In addition, the hydrogen-absorbing alloy powder in the above 
25 methods may comprise hydrogen-absorbing alloy that has a CaCu* type 



crystal structure and is expressed by the general formula. MmNi a Co fc AlJVIn a 
where a>0, b>0, e>G, d;>0. and 4.4ga+b+c+d^5-4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 <Embodiment 1> 

[Example 1] 

(The preparation of hydrogen-absorbing alloy powder) 

A commercially available misch metal (Mm: a mixture of rare earth 
elements such as La, Ce> Nd, and Px), nickel (Ni), cobalt (Co), aluminum (Al) 

10 and manganese (Mn> were mixed in an element ratio of 1:3,2:1,0:0,2:0.6. 

Then, the mixture was fused in a high-frequency induction furnace at 
a temperature of 1500 °C and the fused matter was cooled down. A 
hydrogen-absorbing alloy ingot represented by the composition formula 
MmNi 3 nCo : 0 Al 02 Mn as was thus obtained. Subsequently, this hydrogen - 

15 absorbing alloy ingot was pulverized, and hydro gen -absorbing alloy powder 
with particle sizes of from 10 to 70 um was thereby obtained. 
(The preparation of a negative electrode) 

A mixture was prepared by mixing 10 parts of weight, of the 
aforementioned hydrogen -absorbing alloy powder and 0.1 wt.% based on ihe 

20 weight of the hydrogen-absorbing alloy, of CoF 2 (metal fluoride soluble in an 
electrol} r te) ? and then a paste was prepared by dispersing the mixture in 1 
part by weight of an aqueous solution containing 5 wt.% of PEO 
(polyethylene oxide). Subsequently, the resulting paste was applied on to a 
substrate (composed of a punching metal where nickel is plated on to iron), 

25 and then the substrate with the paste was flat-rolled in order to obtain a 

S 



negative electrode with a plate shape. 
(The preparation of a cell) 

A generating element was prepared by coiling the aforementioned 
negative electrode and a publicly known sintered type nickel electrode 
5 together with a separator disposed therebetween. Then, the gene raxing 
element was put into a cell can, following which an electrolyte consisting of 
30 % of KOH was poured into the cell can ? and a AA size cell was thus 
prepared. 

The thus prepared ceil is hereinafter referred to as f a cell Al of the 
10 present invention'. 

It is to be noted that the above-mentioned cell is a positive electrode 
dominated cell, and that the cell capacity is 1200 mAh. It is also to he 
noted that charging the cell renders cobalt dotted on the surface of 
hydrogen-absorbing alloy powder in a granular staie. 
15 [Examples 2 - 4] 

The cells of Examples 2 to 4 w r ere prepared in the same manner as 
Example 1 except that the amount of CoF« to be added was 0.5 wt.%, 1.0 
or 2.5 wt.% respectively, each based on the weight of the hydrogen- 
absorbing alloy. 

20 The cells thus prepared are hereinafter referred to as *a cell A2 of the 

present invention", 'a cell A3 of the present invention*, and f a cell A4 of the 
present invention' respectively. 
[Comparative Example 11 

The cell of Comparative Example 1 was prepared in the same manner 

25 as Example 1 except CoF 2 was not added, 
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The thus prepared cell is hereinafter referred to as 'a comparative cell 

{Comparative Examples 2 and 3] 

Tiie cells of Comparative Examples 2 and 3 were prepared in the same 
manner as Example 1 except that the amount of CoF 3 to be added was 0.07 
wt.% or 3.0 wt.% respectively, each based on the weight of the hydrogen- 
absorbing alloy. 

The cells thus prepared are hereinafter referred to as 'a comparative 
cell X2', and 'a comparative cell X3*, respectively. 
[Comparative Example 4] 

The cell of Comparative Example 4 was prepared according to the 
manner disclosed in Japanese Unexamined Patent Application No. 08- 
333603 mentioned hereinbefore. More specifically; 10 pans by weight of 
hydrogen-absorbing alloy particles were added to an aqueous solution of 
fluoric acid consisting of 20 parts by weight of water, 20 pans by weight of 
40% hydrofluoric acid, and 20 parts by weight of nitric acid, and then they 
were stirred. The treated hydrogen-absorbing alloy particles were then 
washed with water. Subsequently a solution in which 1 part by weight of 
hydrochloric acid was added to 50 parts by weight of a saturated aqueous 
solution of CoF 2 was added to the treated hydrogen- absorbing alloy particles, 
and then the solution was stirred. The treated hydrogen-absorbing alloy 
particles were then washed with water. The amount of CoF s to be added 
was 1.0 wt.% based on the weight of the hydrogen-absorbing alloy. 

The cell thus prepared is hereinafter referred to as a comparative cell 

X4\ 

10 



[Experiment] 

The inner pressure characteristics of the above-mentioned cells Al to 
A4 of the present invention and comparative cells XI to X4 were examined. 
The test results are shown in table L It is to be understood that the 
experiments were carried out as follows: 

Each cell was charged at an electric current of 1200 mA (1C) at room 
temperature, and the time until the inner pressure of the cell reached 10 
kgf/cnr was measured. Per each example, 4 sample cells were subjected to 
the test. The average value of those 4 sample cells is employed as the 
inner pressure characteristic herein. 



Table 1 



c^»r„-^ Inner ore ssure 

suriace * , r - ^uuiirve amount 

Aauiu^e characteristic 



ire a tmen t v { svz.% ) 



(minute* 



Comparative cell XI - - 0 gQ 

Comparative cell X2 - CoR. 0.07 



5D 



CellAl - CoF, 0.1 160 

CellA2 - CoF 2 0.5 175 

Cell A3 - CoF 2 1.0 ISO 

CellA4 ~ CoF, 2.5 170 



Comparative cell X3 - CoF, 3.0 90 

Comparative cell X4 treated CoF,- Ijj 95 
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As apparent in Table L the comparative cells XI to X4 showed inner 
pressure characteristics of 95 minutes or less, -while the cells Al to A4 of the 
present invention showed the values of 160 minutes or higher, which 
demonstrates that the inner characteristics are greatly improved in the 
present invention. 

In consideration of the above results, it is necessary to add a metal 
fluoride (CoF 2 in the above experiment) to hydrogen-absorbing alloy powder 
without surface- treating by hydrofluoric acid and the like, and to restrict 
the amount of the metal fluoride to be added within the range of 0,1 to 2,5 
wt.%. 

<Embodiment 2> 

[Example 11 

The cell A3 was employed as a cell of Example i, 'which is described in 
Embodiment 1 5 Example 3, hereinbefore. 
[Examples 2 to 4] 

The cells of Examples 2 to 4 were prepared in the same manner as the 
above Example 1 except that NiF 2 , CuF 2 , or A1F 5 was added in place of CoF 5 . 

The ceils thus prepared are hereinafter referred to as 'a cell Bl of the 
present invention', 'a cell B2 of the present invention*, and *a cell B3 of the 
present invention' respectively 
[Examples 5 and 6} 

The cells of Examples 5 and 8 were prepared in the same manner as 
the above Example 1 except that CoCU or NiCL was added in place of CoF 2 . 

The cells thus prepared are hereinafter referred to as fc a cell B4 of the 
present invention' and f a cell B5 of the present invention respectively. 



[Examples 7 and 8] 

The cells of Examples 7 and S were prepared in the same manner as 
the above Example 1 except that CoK or NiL was added in place of CoF 2 , 

The cells thus prepared are hereinafter referred to as 'a cell BG of the 
5 present invention 1 and 'a cell B7 of the present invention 1 respectively. 
[Examples 9 and 10] 

The cells of Examples 9 and 10 were prepared in the same manner as 
the above Example 1 except that CoS0 4 or NiS0 4 was added in place of 
CoK. 

10 The cells thus prepared are hereinafter referred to as 4 a cell B8 of the 

present invention 3 and *a cell B9 of the present invention' respectively. 

[Comparative Example 1] 

The cell of Comparative Examples 1 was prepared in the same manner 

as the above Example 1 except that CoQ was added in place of CoF £ . 
15 The cell thus prepared is hereinafter referred to as *a comparative ceil 

Y\ 

[Comparative Example 2] 

The comparative cell XI was employed as a cell of Comparative 
Example 2 ? which is described in Embodiment 1, Comparative Example 1, 
20 hereinbefore. 
[Experiment] 

The inner pressure characteristics of the above-mentioned cells A3, 
and Bl to B9 of the present invention and comparative cells XI to X4 were 
examined. The test results are shown in table 2, Ix is to be understood 
25 that the conditions of the experiment are the same as those of the 
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experiment in Embodiment 1. 



Table 2 



Cell 


Additive 


Additive amount 
(wt.%) 


Inner pressure 

characteristic 
{'minute j 


Cell A3 


CoF 2 


1.0 


180 


CellBl 


NiF» 


1.0 


175 


Cell B2 


CuF 2 


1.0 


155 


CellB3 


A1F 3 


1.0 


150 


Cell B4 


CoCl 2 


1.0 


105 


Cell Bo 


NiCl 2 


1.0 


105 


Cell B6 


CoL 


1.0 


105 


Cell B7 


Nil, 


1.0 


100 


Cell B8 


CoS0 4 


1.0 


105 


CellB9 


NiS0 4 


1.0 


105 


Comparative cellY 


CoO 


1.0 


70 


Comparative cell XI 






80 



As apparent in table 2, the comparative cells XI and Y showed the 
inner pressure characteristics of 80 minutes or less, while the cells A3 and 
5 Bl to B9 of the present invention showed the values of 100 minutes or 
higher, which demonstrates that the inner characteristics are improved in 
the present invention. The cells A3 and Bl to B3 of the present invention, 
all of which employed a metal fluoride as an additive, showed the 
particularly large inner pressure characteristic values of 150 minutes or 
10 higher, and among those tells, particularly the cells A3 and Bl showed the 
remarkahly large inner pressure characteristic values of 175 minutes or 
higher. 

In consideration of the above results, metal fluorides are more 

14 



preferable as the additive to hydrogen-absorbing alloy powder than metal 
chlorides, metal iodides, or metal sulfides. Particularly, CoF, and NiF* are 
the most preferable. 
(Other Notes) 

S (1) The effects of the present invention are more apparent in high- 

rate charge where a cell is charged at an electric current of 1 to 2C than in 
low-rate charge where a cell is charged at about Q.3C. This is due to the 
following reason. In high-rate charge, oxygen gas is generated in a greater 
amount than in low-rate charge. However, the cells according 10 the 
10 present invention have remarkably excellent capability* of absorbing oxygen 
gas ? and therefore, even if a great amount of oxygen gas is generated, it can 
be well absorbed in the negative electrodes. 

(2) The hydrogen-absorbing alloy to be used in the present invention 
is not limited to a rare-earth element based hydrogen -absorbing alloy, 

15 which was used in the examples, Among the types of the hydrogen- 
absorbing alloys usable for the cells of the present invention are Zr-Ni based 
hydrogen- absorbing alloy such as ZrNi, Ti-Fe based hydro gen- absorbing 
alloy such as TiFe, Zr-Mn based hydrogen-absorbing alloy such as ZrMn 2 , 
Ti-Mn based hydrogen-absorbing alloy such as TiMn, 5 , Mg-Xi based 

20 hydrogen- absorbing alloy such as Mg 3 Ni, and the like. 

(3) The hydrogen-absorbing alloy particularly preferable for a metal- 
hydride storage cell has a CaCu5 type crystal structure and is represented 
by the general formula, MmNi a Co,Al c Mn :I where a>0, h>CL c>0, d^O, and 
4.4ga+b+c+d£5.4. In the formula, Mm is a mixture of the rare -earth 

25 elements selected from the group consisting of La. Ce ; Pi\ Nd, Sm, Eu, Sc, Y 



Pm ? Gd, Tb, Gy, Ho, Er, Tin, Yb, and Lu T Particularly preferred is a Mm 
mainly consisted of a mixture of La. Ce, Pr ? Nd, and Sm. 

The hydrogen- absorbing alloy powder according to the above 
composition is capable of achieving basic characteristics of alkaline 
5 secondary batteries such as cycle characteristic and discharge characteristic 
to a satisfactory degree. It is also to be noted that Si, C, W. and B can be 
added unless they do not affect hydrogen storage characteristic of the 
hydrogen-absorbing alloy. 

Further, it is preferable to restrict the amount of nickel (a) within 
10 2.8ga^5,2, the amount of cobalt (b) -within 0<b£1.4 in the above general 
forimila. In order to obtain a higher cell capacity, it is preferable that the 
amount of aluminum (c) is cgl.O, and the amount of manganese (d) is d<LCh 

(4) Substrates usable for hydrogen -absorbing alloy electrode include 
conductive and alkali-resisting substrates composed of punched metal 
15 where nickel is plated on iron, foamed nickel, or sintered nickel fiber. 
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